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Specif icat ion 

1. Title of Invention 

Rubber hose reinforcing cord. 

2. Claims of the Patent 

(1) Rubber hose reinforcing cord which is characterized 
as follows : In the rubber hose reinforcing cord, the fiber 
which forms the said cord is the sheath core type composite 
fiber in which the polyethylene -2,6- naphthalate in which 
ethylene naphthalatene -2,6 - dicarboxylate is the main com 
ponent is the core component and the material in which poly 
amide is the main component is the sheath component around 
the said core component ; ratio of the core component which 
forms the said composite fiber is 30 ~ 90 weight % and the 
strength of said cmoposite fiber is over 7.0 g/d and elonga 
tion is below 20 % ; initial tensile resistance is over 90 
g/d and dry heat shrinkage is below 5 % and the said compo- 
site fiber is twisted to make the cord. 

(2) The rubber hose reinforcing cord which is character- 
ized as follows : In Claim (1), for the polyethylene -2,6 - 
naphthalate which forms the core comonent of composite fib- 
er, the limiting viscosity [ ] is over 0.5, the birefrin- 
gence is 230 x 10-3 ~ 350 x 10-3, density is over 1.340«g/ 
cm 3 ; for the polyamide which forms the sheath component, 
the sulfuric acid relative viscoisty ( is over 2.8, bi 
refringence is over 45 x 10" 3 , density is over 1.135 g/cm 3 
both of the said core component and sheath component have 
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the fiber structure of high orientation and high crysta^li- 
nity. 

3. Detailed Description of the Invention 

[Field of Application in Industry] 

This invention is related to the rubber hose reinforcing 
cord. Specifically, it is related to the rubber hose rein- 
forcing cord consisting of the sheath core type composite 
fiber in which polyethylene - 2,6- naphthalate (hereinafter, 
this is called 2,6-PEN) is the main component of the core 
component and polyamide is the main component of the sheath 
component. 

[Existing Technology] 

As the hose reinforced with the cord consisting" of poly- 
ester fiber in which polyethylene terephthalate is the main 
repeating unit, for example, Kokai JP No. 159882 - 1987 des- 
cribes one. 

[The Problem Which the Invention Intends to Solve] 

In the case of rubber hose in which the rubber reinforc- 
ing cord made of polyester fiber is used as the reinforcing 
material as described in the said Kokai JP No. 159882 - 
1987, the hose has excellent dimensional stability and is 
used effectively as the hose for water conveyance. However, 
with the increase in the pressure of working fluid which has 
occurred with the increase in the performance of fluid ma- 
chines, there occurs the fatigue of polyester fibers and the 
separation of rubber and polyester fibers and the hose is 
damaged in a relatively short time. The said damage occurs 
particularly often in the case where a large fluctuation of 
pressure acts repeatedly on the hose and it was found to 
occur as the result of strong rubbing of the cords. 

Objective of this invention is to eliminate the above 
said problem in the existing technology and to provide the 
rubber reinforcing cord which has particularly high modulus 
and undergoes small deformation even when high pressure acts 
on it repeatedly, also has very good heat resistance, has 
durability against the separation from rubber and to provide 
the rubber hose which is reinforced with the said rubber 
hose reinforcing cord. 

[The Means for Solving the Problem and Action] 

The constitution of this invention lies in 

(1) Rubber hose reinforcing cord which is characterized 
as follows : In the rubber hose reinforcing cord, the fiber 
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which forms the said cord is the sheath core type composite 
fiber in which the polyethylene -2,6- naphthalate in which 
ethylene naphthalatene -2,6 - dicarboxylate is the main com- 
ponent is the core component and the material in which poly- 
amide is the main component is the sheath component around 
the said core component ; ratio of the core component which 
forms the said composite fiber is 30 ~ 90 weight % and the 
strength of said cmoposite fiber is over 7.0 g/d and elonga- 
tion is below 20 % ; initial tensile resistance is over 90 
g/d and dry heat shrinkage is below 5 % and the said compo- 
site fiber is twisted to make the cord. 

(2) The rubber hose reinforcing cord which is character- 
ised as follows : In Claim (1), for the polyethylene -2,6 - 
naphthalate which forms the core comonent of composite fib- 
er, the limiting viscosity [ Tf{ ] is over 0.5, the birefrin- 
gence is 230 x 10-3 - 3 5o x 10" 3 , density is over 1.340 g/ 
cm 3 ; for the polyamide which forms the sheath component, 
the sulfuric acid relative viscoisty ( 7^ r) is over 2.8, bi- 
refringence is over 45 x 10" 3 , density is over 1.135 g/cm 3 ; 
both of the said core component and sheath component have 
the fiber structure of high orientation and high crystalli- 
nity. 

The rubber hose reinforcing cord which is due to this in- 
vention is a composite fiber in which the core component is 
2,6-PEN and the sheath component is polyamide. The said com- 
posite fiber is what could not be obtained by the existing 
technology and it has high modulus, in-rubber heat resist- 
ance, heat resistant adhesion and durability against the 
separation of polymer at the sheath core composite interface 
which are superior to those of polyester. These characteris- 
tic properties can be indicated by the specific combined pa- 
rameters consisting of the birefringence and density of the 
2,6-PEN and polyamide fiber sections which form the core and 
sheath, respect ively. 

Strength of the said composite fiber can be made to be 
over 7.0 g/d by having the 2,6-PEN of limiting viscosity 
[ y\ ] of over 0.5, preferably over 0.6, as the core compo- 
nent of the said composite fiber. 

Like the 2,6-PEN core component, the polymer of the poly- 
amide sheath component also needs to have a high degree of 
polymerisation in order to obtain the composite fiber of 
high strength and its sulfuric acid relative viscosity is* 
over 2.8, preferably over 3.0. In the polyamide sheath com- 
ponent, copper salt and other organic and inorganic com- 
pounds are added as the thermal oxidative degradation pre- 
vention agent. In particular, it is preferred to contain 30 
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500 ppm, as copper, of the copper salt such as coppery io- 
dide, copper acetate, copper chloride, copper stearate/ 0.01 

0.5 weight % of the alkali metal halide such as potassium 
iodide, sodium iodide, potassium bromide and/or 0.01 "0.1 
weight % of organic, inorganic phosphorus compound. 

Ratio of the 2,6-PEN core component in the said composite 
fiber is 30 ~ 90 wt % ; if the 2,6-PEN component is less 
than 30 wt %, one can not obtain the composite fiber in 
which the modulus and dimensional stability of the 2,6-PEN 
component' are effectively utilized and one can not obtain 
good rubber hose reinforcing cord. On the other hand, if 
more than 90 wt % is occupied by the 2,6-PEN core component, 
the adhesion to rubber is poor when the said cord is used as 
the tensile resistant material of the rubber hose and one 
can not ahieve the improvement of heat resistance of the 
rubber hose reinforcing cord in the rubber. 

In the above mentioned composite fiber, it is desirable 
that both of the 2,6-PEN core component and polyamide sheath 
component have high level of orientation and crystallization 
and that the birefringence of the 2,6-PEN core component is 
kept in the range of 30 x 10~ 3 ~ 350 x 10~ 3 . If it is less 
than 230 x 10 -3 , strength of the composite does not reach 
oyer 7.0 g/d and initial tensile resistance does not go over 
90 g/d in some cases. Also, if it exceeds 350 x 10~ 3 , the 
improvement of fatigue resistance is not achieved. 

On the other hand, birefringence of the polyamide sheath 
component is over 45 x 10" 3 and normally over 50 x 10~ 3 and 
so it is highly oriented. If the birefringence is less than 
45 x 10~ 3 , it is difficult to obtain the composite fiber 
which has high strength and high initial tensile resistance. 

Measurement of birefringence of the sheath core composite 
fiber can be conducted as follows. Measurement for the shea- 
th section is done directly with a transmission interference 
microscope and the measurement of core section is done by 
dissolving the polyamide sheath cmponent in formic acid, 
sulfuric acid or fluorinated alcohol and then by using the 
transmission interference microscope. 

As for the density, it is desirable that 6-PEN core com- 
ponent has a density greater than 1.340 g/cm 3 and polyamide 
sheath component has a density greater than 1.135 g/cm 3 and 
that they have high degree of crystallinity . When the densi- 
ties are over the above mentioned specific values, the di- 
mensional stability and fatigue resistance of the composite 
fiber are good and, when made into the rubber hose reinforc- 
ing cord and used as the tensile resistant material of rub- 
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ber hose, the heat resistance of the said tensile resistant 
material in rubber is markedly improved. 

Measurement of the density of 2,6-PEN core component is 
done with the polyamide sheath cmoponent dissolved and re- 
moved with formic acid, sulfuric acid, fluorinated alcohol, 
etc and the density of the polyamide sheath component can be 
determined by calculation from the density of composite fib- 
er and the density of the 2,6-PEN core section. 

The composite fiber which is characterized as described 
above has a high strength of over 7.0 g/d and initial ten- 
sile resistance of over 90 g/d and an elongation of lea's 
than 20 %. More preferred properties of the composite fibers 
are strength of over 7.3 g/d, initial tensile resistance of 
over 100 g/d and elongation of 8 ^ 16 % and these can be 
achieved by combining the above described conditions proper- 
ly- 

The above said composite fiber is made by the novel me- 
thod which is shown below. 

In order to obtain the above mentioned polymer properties 
of the 2,6-PEN core component, the polymer which consists 
substantially of 2,6-PEN having a limiting viscosity [ y\ ] 
of over 0.5, normally over 0.6, is used. 

For the polyamide sheath component, the polymer having 
the sulfuric acid relative viscosity of over 2.8, normally 
over 3.0, is used. 

In the melt spinning of the said polymer, it is preferred 
to use 2 units of extruder type spinning machines. The 2,6- 
PEN and polyamide polymer which were melted by each of the 
extruders, respectively, are led to the composite spinning 
pack and this is spun through the composite spinning die in- 
to the spun composite fiber in which 2,6-PEN is positioned 
at the core section and polyamide is positioned at the shea- 
th section to make the spun yarn. 

The spinning speed is high at over 300 m/min. Directly 
underneath the said composite spinning die, there is instal- 
led the heat preserving cylinder, heated cylinder for the 
heated atmosphere of over 200 deg C, preferably over 260 deg 
C, for a distance of over 10 cm and less than 1 m. The said 
spun yarn is passed through the above mentioned heated #t*no- 
sphere and then it is quenched and solidified by cold air ; 
then, it is imparted with the oiling agent and then is taken 
up by the take up roll which controls the spinning speed. 
Control of the heated atmosphere directly underneath the 
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said die is important for maintaining the spinnability ^ The 
undrawn yarn which was taken up is drawn continuously with- 
out winding up first. 

Next, the said undrawn yarn is heat-stretched at the tem- 
perature of over 180 deg C, preferably over 200 deg C. Draw- 
ing is done in more than 2 stages, normally in more than 3 
stages and the draw ratio is in the range of 2.0 ~ 6.5. Use 
of such high temperature drawing in this invention contri- 
butes to the improvement of durability of the composite in- 
terface. When the drawing temperature of the third stage in 
the said drawing is low, e.g. below 160 deg C, the interfac- 
ial separation of the 2,6-PEN core component and polyanfide 
sheath component occurs at drawing ; also, when drawing is 
done below 180 deg C, the same occurs at the time of pro- 
cessing the rubber hose and when the rubber hose is used 
repeatedly under a high pressure. Also, when the draw ratio 
is over 6.5, deformation at drawing is large and interfacial 
separation occurs in some cases and, also, the fatigue res- 
istance drops and so this is. not good. 

As to the method of obtaining the rubber hose by using 
the above said composite fiber which forms the rubber hose 
reinforcing cord which is due to this invention, for exam- 
ple, the drawn yarn obtained is twisted to make the untreat- 
ed cord and the said untreated cord is treated with the ad- 
hesive agent in which resorcine, formalin and latex are the 
main components and, after this, heat treatment is done to 
make the treated cord. Then, at the outer circumference of a 
flexible mandrel made with resin or rubber, the inner rubber 
layer is extrusion-molded and then this is placed in a vul- 
canization can and the inner rubber layer is vulcanized or 
semi-vulcanized ; then, on the outer circumference of the 
said vulcanized or semi-vulcanized inner face rubber layer, 
the intermediate rubber layer is extrusion-molded ; then, at 
the outer circumference of the said intermediate rubber lay- 
er, the fiber reinforced layer is formed by using the treat- 
ed cord consisting of the composite fiber which is due to 
this invention ; then, at the outer circumference of the 
said fiber reinforcing layer, the outer rubber layer is 
extrusion molded. Then the whole thing is placed in the 
vulcanization can again and the whole body is vulcanized. 

When the fiber reinforced layer is made of 0a plural num- 
ber of layers, an insulation is formed between the first fi- 
ber reinforced layer and the second fiber reinforced layer. 
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[Examples of Application] 



Examples of Application 1 and 2, Comparative Examples 1 
through 3 - 

Polyethylene-2, 6-naphthalate (2,6-PEN) of limiting visco- 
sity [ y[ ] 0.8 and hexamet hylene adipamide (N66 : sulfuric 
acid relatively viscosity r 3.3) containing 0.02 wt % of 
copper iodide and 0 . 1 wt % of potassium iodide were melted 
separately by 40 o extruder type spinning machines and these 
were led to the composite spinning pack. From the sheath 
core composite spinning die, spinning was done with the 2,6- 
PEN at the core section and with the polyamide at the sheath 
section to make the composite yarn. Ratio of the core compo- 
nent and sheath component of the said spun yarn was varied 
as shown in Table 1. For the die, one with 120 holes of hole 
diameter 0.4 mm o was used. As to the polymer temperature, 
2,6-PEN was melted at 300 deg C and polyamide was melted at 
290 deg C and the spinning was done with the spinning pack 
temperature at 300 deg C. Directly under the die, a heated 
cylinder of 30 cm was attached and this was heated such that 
the temperature of atmosphere in the cylinder would be 290 
deg C. 

The atmospheric tempeature is the temperature of the at- 
mosphere measured at the position which is 10 cm below the . 
die face and 1 cm apart from the filament at the outermost 
circumferential position. Under the heated cylinder, a chim- 
ney of annular shape with a length of 400 mm was attached 
and, from around the yarn, cold air at 25 deg C was blown at 
40 m/min perpendicularly against the yarn for cooling. 

Then, the oiling agent was imparted and the yarn speed 
was controlled by the take up roll rotating at the speed 
shown in Table 1 and then, without winding up first, this 
was drawn continuously. Drawing was conducted in 3 stages by 
using 5 pairs of Nelson type rolls ; after this, 3 % relaxa- 
tion was given for relaxation heat treatment and then it was 
wound up. As for the drawing conditions, the take up roll 
temperature was 60 deg C, the first draw roll temperature 
was 120 deg C, the second draw roll temperature was 190 deg 
C, the third draw roll tempeature was 225 deg C, and the 
tension control roll after drawing was not heated. The first 
stage draw ratio was 70 % of the total draw ratio and the 
remainder was divided into 2 stages for drawing. The spinn- 
ing was conducted with the variation of extrusion rate mat- 
ched to the spinning speed and draw ratio such that the den- 
ier of drawn yarn would be about 500 denier (Examples of Ap- 
plication 1, 2, Comparative Example 1). 3 pieces of the 
drawn yarn were put together to make 1500 denier. 
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For the yarn-making condition, properties of the drawn 
yarn and the fiber structure parameters, comparative te*sts 
were conducted with the polyethylene terephthalate (PET) 
fiber ( 1500-288-702C ) (Comparative Example 2) and the nylon 
66 fiber (1260-204-1781) (Comparative Example 3). The con- 
ditions and fiber properties were as shown in Table 1. 

Table 1 
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CI. Comparative Example 1 ; El. Example of Application 1 

1. Polymer composition ; 2. Polymer composition ratio (wt 
ratio) ; 3. Spinning speed ; 4. Draw ratio ; 5. Properties 
of the composite fiber ; 6. Denier ; 7. Strength ; 8. Elong- 
ation ; 9. Initial tensile resistance ; 10. Dry heat shrink- 
age ; 11. 2,6-PEN core fiber properties ; 12. Limiting vis- 
cosity ; 13. Birefringence ; 14. Density ; 15. Polyamide 
sheath fiber properties ; 16. Sulfuric acid relative visco- 
sity ; 17. Birefringence ; 18. Density ; 19. Note) Among the 
PET core fiber properties, ( ) indicates the PET fiber pro- 
perty and, among the polyamide sheath fiber properties, ( ) 
indicates the polyamide fiber property. 
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Using each of the yarns which were shown in Table 1^ 
1500/2 greige cord was made by applying 40T/10 cm twisting 
for the upper twisting and lower twisting in reverse direc- 
tions, respectively. For N66 of Comparative Example 3, how- 
ever, number of tiwsting was 39T/10 cm to make 1260/2 greige 
cord. These greige cords were made into dip cords by impart- 
ing adhesive agent and conducting heat treatment by using 
the dipping machine of Ritzier Co. 

The dip solution contained 20 % of the adhesive component 
consisting of resorcine, formalin, latex and the imparting 
was controlled so that the adhesive component will stick by 

4 %. Heat treatment was conducted at 225 deg C for 80 se- 
conds by applying a stretch such that the intermediate elon- 
gation of the dip cord would be about 5 %. Nylon 66 was 
treated under the same heat treatment condition by applying 
a stretch such that the intermediate elongation would be 
about 9 %. For the PET fibers, the 2 bath adhesion treatmnet 
was conducted by the common method and the heat treatment 
was conducted .at 240 deg C for 120 seconds by applying a 
stretch so that the intermediate elongation would be about 

5 % . . 

With the dip cords which were made in this manner, test 
pieces in which the cords were buried in the rubber as in 
the case of using as the tensile resistant material in rub- 
ber hose were made and the in-rubber heat resistance, ad- 
hesion property and fatigue resistance were evaluated. Re- 
sults were as shown in Table 2. 

Table 2 
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1. Denier (d); 2. Force (kg); 3. Strength (g/d); 4. Elonga- 
tion (%); 5. Intermediate elongation (%) ; 6. Dry heat sh- 
rinkage (%) ; 7. Adhesion property (Kg) ; 8. Heat resistant 
adhesion (Kg) ; 9. In-rubber heat resistance (%) ; 10. GY 
fatigue life (min.) ; 11. GD fatigue life (%) 
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The rubber hose reinforcing cord which is due to this in- 
vention has higher modulus and dimensional stability ttfan 
the existing polyester fiber cord ; also, in comparison to 
the existing polyester fiber cord, it shows to be a high 
strength cord with much improved in-rubber heat resistance, 
heat resistant adhesion and fatigue resistance. 

Furthermore, , the rubber hose reinforcing cord which is 
due to this invention, compared to the existing nylon fiber 
cord, has much improved modulus and dimensional stability. 

[Effectiveness of the Invention] 

The rubber hose reinforcing cord which is due to this in- 
vention has higher modulus and improved dimensional stabi- 
lity compared to the existing polyester. Also, compared to 
the rubber hose in which the reinforcing cord made of the 
existing polyester is buried, the cord buried in the rubber- 
hose which is due to this invention has much improved in- 
rubbber heat ressitance, adhesion property, particularly the 
heat resistant adhesion after high temperature history and 
fatigue resistance and, as the mresult, it has very good 
durability against the repeated fatigue such as the pressure 
fluctuation in the rubber hose. 

Patent Applicant : Toray K. K. 
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